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Background: Socioeconomic status is associated with inequalities in health worldwide. In 
Norway, women and men with tertiary education live 5-6 years longer than persons with 
primary education. Unhealthy diet is a risk factor for several non-communicable diseases, and 
socioeconomic inequalities exists also in diet. The current literature on socioeconomic status 
and diet in Nordic countries have been inconsistent. 
Aim: To investigate the relationship between educational level and the intake of total energy, 
macro- and micronutrients. 
Participants: 11 302 women and men aged 40-96 years from the municipality of Tromsø, 
Norway.  
Methods: I used data from the seventh wave of the Tromsø Study, conducted in 2015-2016. 
All inhabitants in Tromsø municipality aged 40 years and older (n = 32 591) were invited to 
Tromsø 7. A total of 21 083 participants aged 40-99 years attended, resulting in an attendance 
of 65 %. Diet was assessed using a comprehensive and validated food-frequency 
questionnaire (FFQ) developed at the University of Oslo. Participants who answered less than 
90 % of the FFQ, the 1 % with the highest and lowest energy intake and participants with 
missing data on education level were excluded from the final sample. To investigate the 
relationship between education level and the intake of energy, macro- and micronutrients, 
linear and logistic regression analysis were used. All analysis were performed in women and 
men separate in strata of educational level, and adjusted for potential covariates (age, body 
mass index, physical activity level and smoking status). The intake of macro- and 
micronutrients was compared with the Nordic Nutrition Recommendations. 
Results: A positive educational gradient was found for fiber, alcohol, vitamin C, folate and 
iron, and a negative educational gradient was found for carbohydrates, added sugar and iodine 
in both women and men. A positive educational gradient was also found for energy, total fat, 
monounsaturated fatty acids and vitamin D in women, and a negative educational gradient 
was found for saturated fatty acids in men. Compared to participants with primary education, 
those with long tertiary education had higher odds of being compliant with seven out of 
eighteen nutrient recommendations presented in this study. 
Conclusion: There is an educational gradient in diet in the Tromsø 7 Study, and in most cases 
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1 Background 
1.1 Socioeconomic status and health 
World Health Organization (WHO) states that “health and well-being outcomes are 
determined by the conditions in which people are born, grow, live, work and age, genetic and 
biological determinants, as well as the social determinants of health – the political, social, 
economic, institutional and environmental factors which shape the conditions of daily life” (1 
p. 4). Socioeconomic status (SES) is the social position of an individual, and can be measured 
by among others education, occupation, income or a combination of these (2). Inequalities in 
social and economic factors like education, income and neighborhood are causing inequalities 
in health worldwide (3). Studies from Europe have shown that those with lower SES have 
higher overall mortality, morbidity and prevalence of risk factors like smoking, diabetes and 
obesity compared to persons with a higher SES (3-8). The explanation for this social gradient 
in health is complex and not fully understood. A plausible mechanism is that factors like 
education and income influence health-related behaviors like dietary habits, physical activity 
level and smoking status (3, 6). Education level has shown to be a good indicator for SES in 
studies of different outcomes (9-12). To reduce social inequalities is a central goal in health 
strategies around the globe, among others in WHO Europe´s policy framework “HEALTH 
2020” and in the Norwegian Public Health Report (Folkehelsemeldinga) (8, 13). 
1.2 Non-communicable diseases 
Non-communicable diseases (NCDs) are the worldwide leading cause of death and were 
estimated to contribute to 73 % of all deaths globally in 2017 (14). The rate of deaths from 
NCDs worldwide has increased from 494 to 538 per 100 000 in only 10 years and represents a 
consequence of the epidemiological transition – the shift from communicable to non-
communicable diseases - we have observed during the last decades (14, 15). In 2017, 27 % of 
these deaths were attributable to (preventable) dietary risk factors (16). Among the dietary 
factors, low intake of fruits and whole grains and a high intake of sodium were found to be 
the leading risk factors for death and disability-adjusted-life-years (DALYs) in a systematic 
analysis from The Global Burden of Disease Study 2017 (16). Other dietary factors have also 
shown to play a persistent role in the development of NCDs. The balance between the intake 
of saturated fatty acids (SFAs) versus monounsaturated fatty acids (MUFAs) and 
polyunsaturated fatty acids (PUFAs) has shown to have an important role in the development 
of coronary heart disease (17), and there is moderate to strong evidence that consumption of 
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fruit, berries, vegetables, wholegrain and PUFAs from fish can reduce the risk of several 
NCDs including type-2 diabetes and cancer (18). 
1.3 Socioeconomic status and diet 
A social gradient is observed also in diet. The relationship between SES and diet has been 
investigated during the last decade, but the results were somewhat inconsistent. A systematic 
review from 2010 (19) included 47 studies on socioeconomic inequalities in dietary intakes 
associated with weight gain and overweight/obesity in European adults. Main findings were; 
trends along SES-groups for energy intake are inconsistent, strong trend for lower 
consumption of fruit and vegetables and a weaker trend for higher intake of total fat and lower 
intake of fiber in the lower SES-groups compared to the higher SES-groups (19). Studies 
from the Nordic countries have among others found that educational level is positively 
associated with consumption of fruit and vegetables and inversely associated with intake of 
red meat (20), and that higher educational level is a significant determinant for a lower intake 
of SFA in men and a higher intake of PUFA in women (21). In addition, higher levels of 
education is associated with lower intake of total fat and higher intake of fiber, vitamin C and 
beta-carotene compared to those with lower level of education (22). 
1.4 The situation in Norway 
Norway is considered one of the best countries in the world to live in and was ranked as 
number one in the United Nations Human Development Index in 2017 (23). Education is free, 
and 34 % of the adult population had higher tertiary education in 2018 (24). The annual 
average wage of 50 956 US dollars is among the highest in the world and 71 % of the 
population aged 16 years or older are employed or under education (25, 26). Despite this, 
social inequalities in health exist also in Norway. Compared to individuals with primary 
education, Norwegian men and women with tertiary education lives 5-6 years longer, have 
lower prevalence of several NCDs, smoke less and are more physically active (5, 27). 
Cardiovascular risk factors like high body mass index (BMI), high blood cholesterol and 
hypertension have shown to have persistently higher prevalence in individuals with lower 
education compared to those with higher education (4, 5).  
Dietary habits have also been found to differ between levels of SES (22, 28-31). The national 
dietary survey NORKOST 3 from 2010-2011 (n=1787) found a higher intake of grain 
products, vegetables, fruit and berries, juice, tea, wine, fiber, vitamin B6, folate, vitamin C 
and magnesium in both women and men with tertiary education compared to those with 
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primary/secondary education (29). In women they found a higher intake of energy, protein, 
fat, MUFAs, PUFAs and iron, and in men they found a higher intake of alcohol among those 
with the highest education compared to the lowest education (29). A study from 1998 (using a 
nation-wide random sample of Norwegian women aged 45-69 years) found that educational 
level was negatively associated with proportion of total energy intake (E%) from fat and 
positively associated with dietary fiber density and intake of fruits, vegetables and potatoes 
(32). A study from 2000-2001 (on adults aged 30-60 years in Oslo) found that those with 
tertiary education had the lowest likelihood of having a “Western” food pattern (high factor 
loadings for french fries, hot dogs, hamburgers, bearnaise sauce, coleslaw, pizza, potato 
salad/mashed potatoes, crisps, mayonnaise and soft drinks with sugar), and the highest 
likelihood of having a “prudent” food pattern (based on fruit, vegetables, dishes with fish, 
beans/lentils, shellfish, oil, oil-based dressings and sour cream) (33). 
1.5 The situation in Troms and Finnmark 
The recent online public health survey that was conducted among adults (18+ years) in 
Norway´s northernmost county Troms and Finnmark in 2019 (n=21 761, response 44%, mean 
age=47 years) found an educational gradient in line with results from other studies (34). 
Compared to participants with lower education, those with higher education reported to have 
lower BMI, were more physically active, smoked less, had better self-reported health and 
were more satisfied with their life (34). A higher proportion of participants reported daily 
intake of vegetables, fruit and berries and weekly (or more) intake of fish among those with 
tertiary education compared to those with primary education (34). The participants with 
tertiary education did, however, also have a higher intake of alcohol and sugar-sweetened soft 
drinks (34). Women, higher educated participants and the age-group 45-65 years were 
overrepresented in the survey (34). A study from the fourth wave of the Tromsø Study (1994-
1995) found that educational level was negatively associated with the intake of total fat, SFAs 
and PUFAs, and positively associated with the intake of alcohol, dietary fiber, beta-carotene 
and vitamin C in both women and men (22).  
1.6 Dietary recommendations and strategies in Norway 
The Norwegian National Action Plan for a Healthier Diet (2017-2021) (28) is in line with 
WHO´s Global Action Plan for the Prevention and Control of Non-communicable diseases 
2013-2020 (35), and aims to achieve “a healthy and varied diet for the entire population, 
regardless of gender, age, geographical location, socioeconomic status, cultural background, 
level of ability, religion and life philosophy” (36 p. 8). To reduce the social gradient in diet is 
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a central goal, and it is highlighted that research is needed in order to understand and reduce 
it. Frameworks for meals in kindergartens, schools, workplaces and in healthcare, and 
information and education regarding a healthy diet are among the strategies mentioned in 
order to reach the goals. The plan contains quantitative goals regarding population-level 
consumption of food groups as vegetables, fruits, berries and fish and nutrients as added sugar 
and saturated fat, that is sought to be reached within 2021 (28).  
Norway has both food-based dietary guidelines (37) and specific recommendations on macro- 
and micronutrients (38), published by the Norwegian Directorate of Health. The Norwegian 
dietary guidelines and nutrient recommendations are based on the Nordic Nutrition 
Recommendations 2012 (NNR 2012) (39) and the systematic review “Diet Recommendations 
to Promote Public Health and Prevent Chronic Diseases” (18). NNR 2012 is a collaboration 
between the Nordic countries and represents the scientific foundation for recommendations, 
guidelines and nutritional policies in Norway, Sweden, Finland, Denmark and Iceland (39). A 
new edition of NNR is sought to be published in 2022 (40).  
The Norwegian nutrient recommendations are meant as guidelines for policymakers, health-
professionals and individuals involved in public health work. The nutrient recommendations 
consist of recommendations on macronutrients as E% and vitamins and minerals as 
recommended total intake per day (gram (g), milligram (mg) or microgram (!g) per day) 
(Table 1) (38). For micronutrients, NNR 2012 also presents levels for average requirement, 
lower intake level and upper intake level, in addition to recommended intake (41). 
NNR 2012 recommend that micronutrient intake on group level is evaluated as risk for 
inadequate or excessive intake rather than average intake, because the average intake of the 
group not necessarily present what is adequate (41). Thus, NNR 2012 recommends to assess 
micronutrient intake in a group by assessing 1) the proportion of the group with minimal 
probability of inadequacy (intake above the recommended intake), 2) the proportion with 
relatively high probability of inadequate intake (intake below average requirement), 3) the 
proportion with very high probability of inadequate intake (intake below the lower intake 
level) and 4) the proportion with high probability of excessive intake (intake above the upper 
intake level) (41). However, several national dietary surveys, among others the Norwegian 
survey NORKOST 3 (29), the Swedish survey Riksmaten 2010-2011 (42) and the Finnish 
survey FINDIET 2012 and 2007 (43), presents the micronutrient intake of the population by 
the average intake. A recent study from the Tromsø Study 2015-2016 found that a low 
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proportion of the participants were below the lower intake and average requirement level for 
most of the micronutrients (44) 






- Added sugar 
- Dietary fiber 
45-60 E% 
< 10 E% 
≥ 25 g/day for women/ ≥ 35 g/per day for men 
Protein 10-20 E%/15-20 E% for individuals aged 65 years and older 
Fat 
- Saturated fatty acids 
- Monounsaturated fatty acids 
- Polyunsaturated fatty acids 
- Trans-fat 
- Omega-3 and Omega-6 
25-40 E% 
< 10 E% 
10-20 E% 
5-10 E% 
< 1 E% 
≥ 3 E%, minimum 0.5 E% omega-3 










≥ 700 RAE/day for women/> 900 RAE/day for men 
≥ 10 µg/day 
≥ 75 mg/day 
≥ 300 µg/day (400 µg/day for women of reproductive age) 
≥ 15 mg/day for pre-menopausal women/≥ 9 mg/day for men and 
postmenopausal women 
≥ 800 mg/day 
≥ 150 µg/day 
Recommendations for adults ≥40 years 
E%, Proportion of total energy intake. RAE, Retinol Activity Equivalents. 
In addition to the food-based dietary guidelines, the nutrient recommendations and the 
Norwegian Action Plan for a Healthier Diet, Norway also has a national strategy for 
improving the health literacy of the population (45). Health literacy is defined as “an 
individual ́s knowledge, motivation and skills to access, understand, evaluate and apply 
health information ” (46 p. 5), and includes both choices regarding lifestyle, disease-
preventing measures, self-management of disease and use of health care. The strategy 
highlights the importance of a high degree of health literacy because this among others give 
individuals the prerequisite to make healthy lifestyle choices, and mentions that low health 
literacy is associated with among others low educational level (45). There are currently no 
published national studies mapping the health literacy in the Norwegian population, but a 
national survey is being conducted in 2019-2020 and is sought to be delivered to the Ministry 
of Health and Care Services within 2020 (45). Examples of national activities that are relevant 
for health literacy include availability of information, for example through the web-portal 
www.helsenorge.no, and campaigns like “Bare du” (only you), published by the Directorate 
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of Health, to motivate individuals to change their habits regarding physical activity, diet and 
tobacco use (45). 
1.7 Potential consequences of unfavorable intake of energy, 
macro- and micronutrients 
NNR 2012 is among the most thoroughly documented and well-researched works within 
nutritional science worldwide, and is based on numerous studies and systematic reviews (39). 
The recommended levels for average requirements, recommended intake, upper intake level 
and lower intake level for the specific nutrients are based on the best available evidence on 
the body´s requirement, adverse or toxic effects of high intake and clinical deficiency 
symptoms because of low intake. To avoid potential adverse effects of unfavorable intakes 
and to maintain good health are important purposes of the recommendations.  
Each of the macronutrients provide energy and have essential functions in the body (39). It is 
well documented that excess energy intake is a risk factor for weight gain/obesity, 
cardiovascular disease and cancer (39). Excess intake of SFAs, trans-fat and sugar is a risk 
factor for cardiovascular disease, cancer and caries, respectively, and insufficient intake of 
proteins may inhibit growth and cause sarcopenia (39). Fiber has beneficial effects on 
digestion, plasma lipids and blood pressure and has protective effects against cardiovascular 
disease and cancer (39). An intake of MUFAs and PUFAs in favor of SFAs has beneficial 
effects on cholesterol and may decrease the risk of cardiovascular disease (39). 
Also, the micronutrients have essential functions in the body and adverse effects may occur if 
the intake is too high or too low. Vitamin A is essential for among others vision, immune 
competence and reproduction, and deficiency may cause xerophthalmia (ocular features) and 
impaired resistance to infections (39). Vitamin A deficiency is a public health problem in over 
120 countries, but is uncommon in developed countries (39). Low intake of vitamin D is a 
risk factor for rickets, bone fractures and cardiovascular disease, and the intake has been 
found to be suboptimal in the Norwegian population (39). Vitamin C improves absorption of 
non-haem iron, functions as an antioxidant, and a low intake may decrease antioxidant 
capacity and cause fatigue, irritability or scurvy (39). Low intake of folate is a risk factor for 
neural tube defects during pregnancy, and an adequate intake is protective against poor 
cognitive function and some of the neurological disorders that tend to develop among elderly, 
some types of cancer and severe and subclinical cardiovascular disease outcomes (39). Iron is 
essential for the oxygen-binding part of haemoglobin and myoglobin, and deficiency may 
 
 Page 7 of 49 
cause anemia (39). Calcium is the largest compound of bones and teeth, and is essential for 
bone health and may decrease risk of colorectal cancer and prostate cancer (39). Iodine is 
essential for regulation of metabolism and deficiency presents as goiter (enlarged thyroid 
gland), which in turns may lead to an increase in metabolism (39).  
The micronutrient intake in Tromsø 7 has been presented previously by Lundblad et al. (44). 
The authors found, among others, that 45 % and 40 % had an intake of vitamin D and folate, 
respectively, below the recommended intake (44). Additionally, 33 % and 31 % of women, 
and 26 % and 22 % of men had an intake of iron and calcium, respectively, below the 
recommended intake (44). Furthermore, 12 % of women and 22 % of men had an intake of 
vitamin A and vitamin C below the recommended intake, and less than 10 % had an intake of 
iodine below the recommended intake (44).  
1.8 Rationale for the study 
Population surveys and research of high quality that investigate a wide range of both nutrients 
and food groups are crucial in order to evaluate progress and propose measures towards the 
goals in The Norwegian National Action Plan for a Healthier Diet (2017-2021) (28). The 
most recent national population survey presenting diet in groups of SES in Norway, 
NORKOST 3, was conducted in 2010-2011 (29). Thus, there is a need for updated data. The 
Norwegian Directorate of Health publish an annual update on the development in diet in 
Norway, but this is based on food supply statistics and does not present numbers in groups of 
SES (47). Other studies on SES and diet from Nordic countries have shown somewhat 
inconsistent results, and have collected dietary data using food frequency questionnaires 
(FFQs) with relatively few questions and/or have a sample size of less than 2000 participants 
(20-22, 34). The National Cancer Institute suggests that questions on 80-120 food items are 
needed in order for an FFQ to be able to assess the total diet (48). 
The present study provides updated data, has a large sample size and has assessed diet using a 
comprehensive FFQ. Thus, this study can contribute to valuable knowledge regarding SES 
and diet in Norway and may reveal associations not found in previous studies. 
1.9 Objective and research question 
The objective of this study is to investigate the educational gradient in diet in a general 
Norwegian population of adults and elderly through analyses of the intake of total energy, 
macro- and micronutrients and the compliance with NNR 2012 across educational levels and 
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sex. Thus, the research question is: what is the relationship between education level and the 
intake of total energy, macro- and micronutrients in the seventh survey of the Tromsø Study? 
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2 Materials and methods 
2.1 The Tromsø Study 
The Tromsø Study is an ongoing population-based cohort study in the municipality of 
Tromsø, the largest city in Northern Norway. The municipality consists of both urban and 
rural living areas and the population is similar to the general Norwegian population in regards 
to the distribution of sex, age and educational attainment (24, 49). The Tromsø Study consists 
of seven completed surveys (Tromsø 1-Tromsø 7), whereas the first survey was conducted in 
1974 and the seventh survey was conducted in 2015-16 (50). In Tromsø 7 (2015-16) all 
inhabitants in Tromsø municipality aged 40 years and older (n = 32 591) were invited. A total 
of 21 083 participants aged 40-99 years attended, resulting in an attendance of 65 % (51).  
2.1.1 Data collection 
In Tromsø 7, invitations (Appendix 1) were sent by mail and included detailed information 
about the Tromsø Study data collection and -use, a paper version of Questionnaire 1 (Q1) 
(Appendix 2) and username and password to complete questionnaires online. Q1 could be 
filled in by hand on paper or online. At attendance, among others, height and weight were 
measured by trained technicians. The Tromsø 7 data collection took place between March 
2015 and October 2016. 
2.1.2 The food frequency questionnaire 
To collect dietary data, an extensive FFQ developed at the University of Oslo (UiO) was used 
to measure food patterns and nutrient intake during the last year in a Norwegian context 
(Appendix 3). This FFQ has been validated for intake of energy, fruit, vegetables (52) and 
most antioxidant-rich foods (53) in representative samples of 232 and 346 Norwegian adults. 
The FFQ was handed out to all Tromsø 7 participants at the examination site and could be 
filled out at site or at home and then be returned by mail in a pre-paid envelope. The last FFQ 
was returned in February 2017. The FFQ consists of 13 pages with questions about 261 
different food items, dishes, drinks including alcoholic beverages and meals. Dietary 
supplements were also included (cod-liver oil, omega-3, multi supplements, iron supplements 
and vitamin B, C, D, E and folate). The questionnaire included measures on frequency and 
amounts of food intake, in addition to open questions. Further descriptions of the FFQ, 
instructions given to participants and the process of checking, scanning, reading and 
importation of the FFQ have previously been described in detail by Lundblad et al (44). 
Calculation of food, macro- and micronutrient intake was performed at UiO using the food 
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composition database Kostberegningssystemet (KBS) AE14 and KBS software system (KBS, 
version 7.3.). The food database KBS AE14 is based on the Norwegian food composition 
tables from 2014 and 2015 (54), supplemented with data from calculated recipes and other 
databases. A total of 15 146 participants aged 40-96 years returned the questionnaire 
(response 72% for participants who attended Tromsø 7).  
2.2 Study sample and exclusion criteria 
In this analysis, in accordance with Lundblad et al (44), participants were excluded based on 
completeness of the FFQ and highly unrealistic total energy intakes. Firstly, participants that 
completed less than 90 % of the FFQ 
(n=3489), and secondly, the 1 % with the 
highest and lowest energy intake (below 3.95 
megajoule (MJ) or above 21.3 MJ per day) 
(n=232) was excluded. Thirdly, all cases with 
missing data for education level (n=123) were 
excluded. Finally, a total of 11 302 
participants were included in the analysis. 
This equals 54 % of all participants in Tromsø 
7 and 75 % of all participants that returned the 
FFQ. Because of the exclusion criteria, there 
were no cases with missing values for total 
energy or any of the nutrients of interest.  
Figure 1: Flow chart of the study sample. The 
Tromsø Study 2015-2016 
2.3 Variables 
Education level (primary/upper secondary/short tertiary/long tertiary), physical activity level 
at leisure (sedentary/light/moderate/vigorous) and smoking status (current/previous/never) 
were collected from Q1 (Table 2). Education level was reported on the same four-level scale 
as the one used by Statistics Norway (24). Leisure-time physical activity level at leisure was 
reported on a four-level scale based on the Saltin and Grimby questionnaire (55). Data on 
BMI (kg/m2) was calculated based on bodyweight and height measured by trained personnel 
at examination. BMI was divided into three groups: normal weight (BMI < 25 kg/m2), 
overweight (BMI 25-29.9 kg/m2) and obese (BMI ³ 30 kg/m2). Only 48 participants were 
underweight (BMI <18.5 kg/m2), and these were combined/merged with the normal weight-
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group. Dietary variables were calculated at UiO based on the FFQ (energy (MJ/day), 
carbohydrates (E%), added sugar (E%), fiber (g/day), protein (E%), total fat (E%), saturated 
fat (E%), monounsaturated fat (E%), polyunsaturated fat (E%), trans-fat (E%), omega-3 and 
omega-6 (E%), alcohol (E%), vitamin A (retinol activity equivalents (RAE)/day), vitamin D 
(µg/day), vitamin C (mg/day), folate (µg/day), calcium (mg/day), beta-carotene (mg/day), 
iron (mg/day) and iodine (µg/day)). Because all macronutrients were presented in relation to 
the total energy intake (E%), the same was done for the micronutrients (vitamin A, vitamin D, 
vitamin C, beta-carotene, folate, calcium, iron and iodine), by calculating the intake per 10 
MJ for the micronutrients  
Table 2: Selected questions from Questionnaire 1 in The Tromsø Study, 2015-2016 
Describe your leisure-time physical activity 
level the last year 
Have you smoked/do 
you smoke daily? 
What is your highest level of 
attained education? 
1 Reading, watching TV/screen or other 
sedentary activity 
1 Never 1 Primary/partly secondary 
education (up to 10 years of 
schooling) 
2 Walking, cycling or other forms of 
exercise at least 4 hours a week 
2 Yes, currently 2 Upper secondary education (a 
minimum of 3 years) 
3 Participation in recreational sports, 
heavy gardening, snow shoveling etc. 
at least 4 hours a week 
3 Yes, previously 3 Tertiary education, short: 
college/university less than 4 
years 
4 Participation in hard training or sports 
competitions, regularly several times a 
week 
  4 Tertiary education, long: 
college/university 4 years or 
more 
 
2.4 Statistical analysis 
2.4.1 Descriptive statistics 
Ten-year age-groups were created (40-49 years, 50-59 years, 60-69 years, 70-79 years, 80-89 
years and 90+ years). The 90+ years group had few participants (n=10) and was therefore 
merged with the 80-89 years group (i.e. 80-96 years). The variables age, 10-year age-groups, 
BMI, BMI-groups, smoking status and leisure-time physical activity level were used in 
descriptive analysis to describe the demographic and health characteristics of the study 
participants in strata of sex and education level (Table 3). Mean values and standard 
deviations were calculated for all continuous variables, and the proportion of participants 
within each group were calculated for all categorical variables. Differences across education 
levels in women and men were tested by one-way ANOVA (for continuous variables) and 
Pearson’s chi-square test (for categorical variables) (Table 3). 
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2.4.2 Initial descriptive analysis of diet in strata of education 
Descriptive analyses were used to present the median (25th-75th percentile) intake of energy, 
the energy providing macronutrients carbohydrates (including added sugar and fiber), proteins 
and fat (including subgroups SFAs, MUFAs, PUFAs, trans-fat and omega-3 + omega-6), 
alcohol and the micronutrients vitamin A, vitamin D, vitamin C, folate, beta-carotene, 
calcium, iron and iodine. The listed micronutrients were chosen based on the potential 
consequences of an unfavorable intake mentioned in section 1.7. In addition, beta-carotene 
was included because this is a common indicator used to reflect the intake of vegetables, fruits 
and berries (39). Because it is well documented that the intake of nutrients varies between 
women and men, all analyses were performed for each sex separately in order to remove the 
effect of sex (39). The median intake of energy, macro- and micronutrients were presented in 
strata of sex only (Table 4), and in strata of sex and education (Supplementary Table 1 and 2). 
The proportion of participants within each strata that were compliant with the respective 
nutrient recommendation were presented, as well as the proportion above/below 
recommendation in the cases where the recommendation is a range (Table 4). 
2.4.3 Comparison with the Nordic Nutrition Recommendations 
The intakes of macro- and micronutrients were compared with NNR 2012 where this was 
possible. It was decided to compare the intake only to the recommended intakes from NNR 
2012, rather than the lower intake level, the average requirement, recommended intake and 
upper intake level combined. This was decided based on that Lundblad et al. (44) found that 
in general, a low proportion of the participants from the Tromsø Study 2015-2016 were below 
the recommended intake. In addition, the average intake was considered sufficient for 
ranking, in order to evaluate the educational gradient. Comparing the results to the 
recommended intake also made it easier to compare results with other studies. A binary 
variable (compliant yes/no) was created for compliance with each of the recommendations. 
For the recommendations given as a range (carbohydrates, proteins, fat, MUFAs and PUFAs), 
an additional binary variable was created for above or below recommended range. It was not 
created a separate binary variable for compliance with recommendation for proteins for 
participants aged 65 years or older (recommended intake 15-20 E%). Hence, all participants, 
independent of age, were considered compliant with recommendation for protein if their 
intake was 10-20 E%. For omega-3 and omega-6, participants were considered compliant 
with recommendations if the total energy intake from omega-3 and omega-6 combined was at 
least 3 E% and if at least 0.5 E% came from omega-3. For the sex-specific recommendation 
for fiber and vitamin A, a binary variable was created for each sex. Hence, women and men 
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were considered compliant if the intake of fiber was ≥ 25 g/day and ≥ 35 g/day, and the intake 
of vitamin A was ≥ 700, and ≥ 900 RAE/day, respectively. For iron and folate, there are 
separate recommendations for pre- and postmenopausal women. All participants were 40 
years or older, and information on menopausal status was not available in the current dataset. 
Mean menopausal age for Norwegian women is 53 years (56), and mean age of the 
participating women was 57 years (Table 3). Due to the low proportion of pre-menopausal 
women in the sample, both women and men were considered compliant with recommendation 
if the intake of iron was ≥ 9 mg/day and the intake of folate was ≥ 300 µg/day. 
2.4.4 Regression analysis of intake of energy and nutrients across 
educational levels 
Multiple linear regression was used for each sex separately to find the crude and adjusted 
effect of educational level on intake of energy and each of the mentioned nutrients (Table 5 
and Supplementary Table 3). A separate analysis was performed for each nutrient. For each 
analysis, the nutrient was included in the model as the dependent variable and dummy 
variables for education level 2, 3 and 4 (level 1 was used as reference) were included as 
independent variables in block 1. All potential confounders were included in additional 
blocks; dummy variables for age-groups (40-49 years was used as reference group) in block 
2, dummy variables for BMI-groups (normal was used as reference group) in block 3, dummy 
variables for physical activity-level (sedentary was used as reference group) in block 4 and 
dummy variables for previous and current smokers (never smokers was used as reference 
group) in block 5. Thus, in the final adjusted model all mentioned confounders are adjusted 
for each other. The unstandardized beta (B) by education level was reported together with its 
corresponding 95 % confidence interval (CI), as well as the constant – that represented the 
mean intake in the reference group. This was presented for the final adjusted model in Table 
5, and for all blocks in Supplementary Table 3. Results presented in text in section 3 
“Results” are adjusted for all mentioned covariates. The linear trends over education were 
assessed by including education as a continuous variable instead of a categorical variable in 
an identical analysis (Table 5 and Supplementary Table 3). Model assumptions were checked 
by investigating the correlations between all variables in the models, the variance inflation 
factors (all values <10), the Cook´s Distance (all values <1) and by visual inspection of the 
residual plots and scatter plots. In some cases, the residual plot indicated small deviations 
from normality. Because of the large sample size this was however not considered a problem. 
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2.4.5 Analysis of odds of being compliant with recommendations across 
educational levels 
Binary logistic regression was used for each sex separately to investigate the odds ratio (OR) 
of being compliant with the nutrition recommendations in different levels of education (Table 
6 and Supplementary Table 4). This was done for each nutrient recommendation separately. 
As in the linear regression analyses, a block-wise approach was used. The binary variable for 
compliance with specific recommendation was included in the model as a dependent variable, 
and all potential confounders were included in separate blocks in the same order as in the 
linear analyses. The lowest categories were set as references. The exponentiation of the B 
coefficient (Exp(B)) was presented as odds ratios by education level together with its 
corresponding 95 % CI’s. This was presented for the final adjusted model in Table 6, and for 
all blocks in Supplementary Table 4. Results presented in text in section 3 “Results” are 
adjusted for all mentioned covariates.  The linear trends over education were assessed by 
including education as a continuous variable instead of a categorical variable in an identical 
analysis (Table 6 and Supplementary Table 4). Model assumptions were checked by 
investigating the variance inflation factors (all values <10) and by investigating cases with 
standardized residuals above 2.5 or below 2.5. All assumptions were met/fulfilled. 
2.4.6 Analysis of the included versus the excluded participants  
In order to investigate the characteristics of the included versus the excluded participants, a 
binary variable was created for participants included or not included in the final sample. 
Student´s t-test (for continuous variables) and Pearson´s chi-square test (for categorical 
variables) were used to investigate potential differences according to sex, age, BMI, 
educational level, physical activity level and smoking status in the two groups. This was 
presented in groups of included/excluded only, with analysis between-groups (Table 7), and 
in groups of educational level as well as included/excluded, with analysis within-groups 
(Supplementary Table 5). 
All analyses were performed using IBM SPSS 26 for Mac (57). The significance level was set 
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2.5 Ethical considerations and data safety 
Data collection for Tromsø 7 is approved by the Regional Committee for Medical Research 
Ethics (REC North ref. 2014/940) and the Norwegian Data Protection Authority and 
performed in accordance with the 1964 Helsinki declaration and its later amendments. The 
FFQ data collection and analysis was approved as a subproject in Tromsø 7 (REC North ref. 
2014/940). All participants gave written informed consent. For the present project (master 
thesis) a “fremleggingsvurdering” was submitted to REC North, who decided (decision of 
October 11th 2019, ref 2019/50330) that the aim of the study did not apply to the Health 
Research Act, thus no REC evaluation was needed (Appendix 4). An application was sent to 
the Tromsø Study Data and Publication Committee, who approved the project and granted 
access to the specified variables for the present project (decision of December 2nd 2019, 
EUTRO project number 8030.00315) (Appendix 5). A notification was sent to The 
Norwegian Data Protection Authority who decided (decision of February 7th 2020, ref. 
2020/571118) that the current project was in accordance with privacy rules and regulations 
(Appendix 6). No data that could be attributed to identifying a participant was available, and 
the dataset could thus be considered as anonymous instead of de-identified. However, by 
combining the variables age, sex, educational level and BMI (height and weight was not 
included in the dataset) there is a hypothetical risk of backwards identification if the case of 
for example extreme BMI or age values. However, given the large dataset of more than 21 
000 participants, the risk was considered as low. The data was stored on an encrypted USB 
stick, in accordance with the current master in public health regulations. The dataset will be 
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3 Results 
3.1 Study sample 
A total of 11 302 participants (54 % women) were included in the analysis (Table 3). Mean 
age was 57 and 58 years in women and men, respectively. About 38 % and 51 % were 
overweight and 22 % and 24 % were obese in women and men, respectively. Approximately 
21 % of the participants had primary education level, 26 % and 29 % secondary education, 18 
% and 23 % had short tertiary education and 35 % and 28 % had long tertiary education of 
women and men, respectively. More than half of women and men reported light leisure-time 
physical activity, 12 % and 13 % were sedentary, 20 % and 31 % reported moderate physical 
activity and 2 % and 4 % reported vigorous physical activity of women and men, respectively. 
In total, 12.5 % were smokers and 42 % were never smokers (Table 3). 
Age, BMI and the proportion of current smokers were negatively associated with education in 
both women and men (p<0.001) (Table 3). Physical activity level and the proportion of never 
smokers were positively associated with education level (p<0.001) (Table 3). 
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Table 3: Characteristics of study sample by sex and education level. The Tromsø Study 2015-
2016. 
 Women  Men  
 Total Education levela  Total Education levela  
  1 2 3 4 p  1 2 3 4 p 
n or % 6043 21.0 25.5 18.4 35.1  5259 20.1 29.0 23.0 27.9  





















Age group  <0.001      <0.001 
- 40-49 years 30.2 8.7 27.0 35.3 42.9  27.2 13.7 28.0 26.7 36.3  
- 50-59 years 29.8 20.8 32.7 32.3 31.6  27.7 24.5 28.1 31.0 26.8  
- 60-69 years 26.9 39.1 28.5 23.4 20.4  28.6 36.5 27.0 27.8 25.1  
- 70-79 years 10.9 25.2 10.1 8.0 4.5  14.2 20.9 14.4 12.2 10.7  
- 80-96 years 2.1 6.2 1.8 1.1 0.5  2.4 4.4 2.5 2.3 1.0  





















BMI Groupb <0.001      <0.001 
- Normal 39.9 30.3 34.1 42.3 48.7  25.4 23.3 22.0 22.8 32.5  
- Overweight 37.8 41.8 40.0 37.7 33.8  50.7 48.0 51.9 51.3 51.1  
- Obese 22.0 27.4 25.7 20.0 17.2  23.7 28.4 25.9 25.7 16.3  
Physical activity levelc <0.001      <0.001 
- Sedentary 12.3 19.0 14.0 10.8 8.9  13.2 19.2 15.0 10.9 9.9  
- Light 63.5 67.0 68.6 66.4 60.6  50.9 53.9 53.8 52.4 47.5  
- Moderate 19.6 13.3 16.4 20.6 26.4  30.6 25.4 28.6 33.1 35.9  
- Vigorous 2.3 0.7 1.1 2.3 4.1  3.8 1.6 2.6 3.7 6.8  
Smoking status      <0.001      <0.001 
- Current smoker 13.5 19.1 18.6 11.5 7.4  11.4 17.9 13.8 9.4 6.0  
- Previous smoker 44.0 48.9 47.3 43.7 38.9  45.3 54.0 49.8 44.7 34.9  
- Never smoker 42.0 31.1 33.7 44.3 53.3  42.8 27.6 35.9 45.3 58.8  
Results are presented as mean (standard deviation) or proportion.  
a 1: Primary (up to 10 years of schooling), 2: Upper secondary education (a minimum of 3 years), 3: Tertiary 
education, short: College/university less than 4 years, 4:Tertiary education, long: College/university 4 years or 
more 
b Normal (BMI < 25.0), overweight (BMI 25.0-29.9), obese (BMI ≥ 30) 
c Exercise and physical activity in leisure time over the last year. Sedentary: reading, watching TV/screen or other 
sedentary activity, Light: walking, cycling or other forms of exercise at least 4 hours a week, Moderate: 
participation in recreational sports, heavy gardening, snow shoveling etc. at least 4 hours a week, Vigorous: 
participation in hard training or sports competitions, regularly several times a week 
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3.2 Women 
3.2.1 Median intake of energy, macro- and micronutrients 
In women, the median intake of energy was 8.5 MJ/day (Table 4). The median intake was 42 
E% for carbohydrates, 27 g/day for fiber, 5 E% for added sugar, 18 E% for proteins, 35 E% 
for total fat, 13 E% for saturated fat and MUFAs, 0.3 E% for trans-fat, 6 E% for PUFA and 
omega-3 + omega-6 and 2 E% for alcohol (Table 4). The energy-adjusted median intake of 
micronutrients was 1465 RAE/10 MJ vitamin A, 11.7 μg/10 MJ vitamin D, 172 mg/10 MJ 
vitamin C, 373 μg/10 MH folate, 5.2 mg/10 MJ beta-carotene, 1176 mg/10 MJ calcium, 12 
mg/10 MJ iron and 331 μg/10 MJ iodine (Table 4).  
3.2.2 Compliance with recommendations 
More than 90 % of women were below the recommended upper limit for trans-fat and added 
sugar and met the recommendation for omega-3 and omega-6 and iodine (Table 4). Between 
80 and 90 % met the recommendation for proteins, total fat, MUFAs, vitamin A and vitamin 
C and were below the recommended upper limit for alcohol. Approximately 73 % met the 
recommendation for PUFAs. Between 60 and 70 % met the recommendations for fiber, 
folate, calcium and iron. About 53 % and 31% met the recommendation for vitamin D and 
carbohydrates, respectively, and 15 % were below the recommended upper limit for saturated 
fat (Table 4). 
3.2.3 Educational gradient 
The intake of energy, fiber, total fat, MUFAs, alcohol, vitamin D, vitamin C (mg/day and 
mg/10MJ), folate (μg/day and μg/MJ) and iron (mg/day and mg/10 MJ) was positively 
associated with education in women (p<0.05). The intake of carbohydrates, added sugar and 
iodine (μg/10 MJ) was negatively associated with education (p<0.05) (Table 5). 
Compared to women with primary education, women from higher education levels had higher 
odds of being compliant with recommendations for fiber, vitamin A, vitamin D, vitamin C, 
folate, calcium and iron (p<0.05). The odds of being compliant with recommendations were 
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3.3 Men 
3.3.1 Median intake of energy, macro- and micronutrients 
In men, the median intake of energy was 10.4 MJ/day (Table 4). For macronutrients, the 
median intake was 43 E% for carbohydrates, 27 g/day for fiber, 5 E% for added sugar, 17 E% 
for proteins, 35 E% for total fat, 12 E% for saturated fat and MUFAs, 0.3 E% for trans-fat, 6 
E% for PUFAs and omega-3 + omega-6 and 3 E% for alcohol (Table 4). The energy-adjusted 
median intake of micronutrients was 1261 RAE/10 MJ vitamin A, 10.6 μg/10 MJ vitamin D, 
117.4 mg/10 MJ vitamin C, 13.8 μg/10 MJ folate, 3.5 mg/10 MJ beta-carotene, 1110.4 mg/10 
MJ calcium and 323.1 μg/10 MJ iodine (Table 4).  
3.3.2 Compliance with recommendations 
More than 90 % of men were below the recommended upper limit for trans-fat and met the 
recommendation for omega-3 and omega-6 and iodine (Table 4). Between 80 and 90 % met 
the recommendations for proteins, total fat and MUFAs and were below the recommended 
upper limit for added sugar. Between 70 and 80 % met the recommendation for PUFAs, 
vitamin A, vitamin C, calcium and iron and were below the recommended upper limit for 
alcohol. A total of 61 %, 58 %, 33 % and 23 % met the recommendation for folate, vitamin D, 
carbohydrates and fiber, and 16 % were below the recommended upper limit for saturated fat 
(Table 4). 
3.3.3 Educational gradient 
The intake of fiber, alcohol, vitamin C (mg/day and mg/10 MJ), folate (μg/day and μg/10 MJ) 
and iron (mg/day and mg/10 MJ) was positively associated with education level in men 
(p<0.001) (Table 6). The intake of carbohydrates, sugar, saturated fat and iodine (μg/day and 
μg/10 MJ) was negatively associated with education level (p<0.05) (Table 5). 
Compared to men with primary education, men from higher education levels had higher odds 
of being compliant with recommendations for fiber, sugar, vitamin C, folate and iron 
(p<0.001) (Table 6). The odds of being compliant with recommendation was negatively 
associated with education level for alcohol (p<0.001) (Table 6).
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Table 5: Linear regression analysis of intake of energy and nutrients by education level. The 
Tromsø Study 2015-2016. 
  Women (n=6043) Men (n=5259) 




1 Ref. (8.6) Ref.(10.9) 
2 0.4** (0.2, 0.6) 0.03 (-0.2, 0.3) 
3 0.4* (0.1, 0.6) 0.02 (-0.2, 0.3) 
4 0.4** (0.2, 0.6) 0.1 (-0.1, 0.4) 
p linear trend <0.001 0.4 
Carbohydrates (E%) 
Education levela 
1 Ref. (45) Ref. (45) 
2 -1** (-2, -1) -1* (-1, 0) 
3 -2** (-2, -1) -1** (-2, -1) 
4 -2** (-3, -2) -1** (-2, -1) 
p linear trend <0.001 <0.001 
Fiber (g/day) 
Education levela 
1 Ref. (23) Ref. (25) 
2 2** (1, 2) 1 (0, 1) 
3 2** (1, 2) 1* (0, 2) 
4 2** (2, 3) 2** (1, 3) 
p linear trend <0.001 <0.001 
Sugar (E%) 
Education levela 
1 Ref. (7) Ref. (8) 
2 -0.3* (-0.6, -0.07) -0.5* (-0.7, -0.2) 
3 -0.6** (-0.9, -0.3) -0.8** (-1.1, -0.5) 
4 -0.9** (-1.1, -0.6) -0.9** (-1.2, 0.6) 
p linear trend <0.001 <0.001 
Proteins (E%) 
Education levela 
1 Ref. (16.5) Ref. (16.2) 
2 0.009 (-0.2, 0.2) 0.06 (-0.1, 0.3) 
3 -0.2 (-0.4, 0.04) 0.1 (-0.08, 0.3) 
4 -0.1 (-0.3, 0.06) -0.3* (-0.5, -0.07) 
p linear trend 0.08 0.007 
Total fat (E%) 
Education levela 
1 Ref. (35) Ref. (36) 
2 1* (0, 1) 0 (0, 1) 
3 1* (0, 1) 0. (-1, 1) 
4 1* (0, 1) 0 (-1, 0) 
p linear trend 0.03 0.2 
Saturated fat (E%) 
Education levela 
1 Ref. (13.2) Ref. (13.6) 
2 -0.06 (-0.3, 0.1) -0.3* (-0.5, -0.06) 
3 0.03 (-0.2, 0.3) 0.3* (-0.6, 0.1) 
4 0.1 (-0.1, 0.3) -0.3* (-0.5, -0.09) 
p linear trend 0.2 0.009 
Monounsaturated fat (E%) 
Education levela 
1 Ref. (12.7) Ref. (12.9) 
2 0.5** (0.3, 0.7) 0.2 (-0.006, 0.4) 
3 0.5** (0.3, 0.8) 0.3* (0.07, 0.5) 
4 0.4** (0.2, 0.7) 0.1 (-.08, 0.4) 
p linear trend <0.001 0.2 
Polyunsaturated fat (E%) 
Education levela 
1 Ref. (5.9) Ref. (6.1) 
2 0.1 (-0.008, 0.2) 0.07 (-0.06, 0.2) 
3 0.08 (0.05, 0.2) 0.03 (-0.1, 0.2) 
4 -0.04 (-0.2, 0.08) 0.2* (-0.3, -0.03) 
p linear trend 0.1 0.004 
Trans-fat (E%) 
Education levela 
1 Ref. (0.3) Ref. (0.3) 
2 0.004 (-0.006, 0.01) -0.006 (-0.02, 0.004) 
3 0.02* (0.007, 0.03) 0.003 (-0.007, 0.01) 
4 0.03* (0.02, 0.04) 0.02** (0.008, 0.03) 
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Table 5 cont.: Linear regression analysis of intake of energy and nutrients by education level. 
The Tromsø Study 2015-2016. 
  Women (n=6043) Men (n=5259) 
  Unstandardized B (95 % CI) Unstandardized B (95 % CI) 
Omega-3 and omega-6 
(E%) 
Education levela 
1 Ref. (5.9) Ref. (6.1) 
2 0.09 (-0.02, 0.2) 0.04 (-0.07, 0.2) 
3 0.03 (-0.09, 0.1) -0.007 (-0.1, 0.1) 
4 -0.1 (-0.2, 0.005) 0.2** (-0.4, -0.1) 
p linear trend 0.005 <0.001 
Alcohol (E%) 
Education levela 
1 Ref. (1.0) Ref. (1.4) 
2 0.8** (0.5, 1.0) 0.4* (0.1, 0.8) 
3 1.1** (0.9, 1.4) 1.2** (0.8, 1.5) 
4 1.5** (1.3, 1.8) 1.7** (1.3, 2.0) 
p linear trend <0.001 <0.001 
Vitamin A (RAE/10MJ) 
Education levela 
1 Ref. (1541) Ref. (1249) 
2 26 (-32, 83) 25 (-23, 74) 
3 25 (-39, 88) 65* (13, 117) 
4 -28 (-86, 29) 58* (6.7, 109) 
p linear trend 0.2 0.01 
Vitamin D (µg/10MJ) 
Education levela 
1 Ref. (12.0) Ref. (10.9) 
2 0.9 (-0.009, 1.8) 0.06 (-0.7, 0.8) 
3 1.4* (0.4, 2.4) 0.9* (0.07, 1.7) 
4 1.0* (0.07, 1.9) 1.0* (1.4, 1.8) 
p linear trend 0.06 0.003 
Vitamin C (mg/10MJ) 
Education levela 
1 Ref. (146) Ref. (91) 
2 14** (10, 22) 8** (3, 14) 
3 16** (8 25) 19** (13, 25) 
4 25** (17, 33) 28** (23, 35) 




1 Ref. (4.5) Ref. (2.6) 
2 -0.2 (-0.5, 0.08) 0.2 (-0.01, 0.4) 
3 -0.3 (-0.6, 0.005) 0.2 (-0.008, 0.4) 
4 -0.3* (-0.6, -0.02) 0.3* (0.07, 0.5) 
p linear trend 0.04 0.02 
Folate (µg/10MJ) 
Education levela 
1 Ref. (360) Ref. (288) 
2 21** (9, 34) 14** (6, 22) 
3 30** (16, 44) 28** (20, 37) 
4 31** (29, 45) 37** (29, 45.6) 
p linear trend <0.001 <0.001 
Iron (mg/10MJ) 
Education levela 
1 Ref. (15.2) Ref. (10.3) 
2 1.0* (0.03, 1.9) 0.8* (0.3, 1.3) 
3 1.3* (0.2, 2.3) 1.7** (1.2, 2.3) 
4 1.0* (0.03, 1.9) 1.4** (0.9, 2.0) 
p linear trend 0.09 <0.001 
Iodine (µg/10MJ) 
Education levela 
1 Ref. (303) Ref. (277) 
2 -16* (-27, -6) -16* (-25, -6) 
3 -23** (-35, -12) -17** (-28, -7) 
4 -27** (-38, -17) -34** (-44, -24)  
p linear trend <0.001 <0.001 
Adjusted for age-groups (40-49 years (reference)/50-59 years/60-69 years/70-79 years/80+ years), BMI-groups 
(normal (reference)/overweight/obese), physical activity level (sedentary (reference)/light/moderate/vigorous) and 
level and smoking status (never smoker (reference)/current smoker/previous smoker) 
*p <0.05. ** p <0.001.  
a 1 – Primary education (up to 10 years), 2 – Upper secondary education (minimum3 years), 3 – Tertiary 
education, short: college/university less than 4 years, 4 – Tertiary education, long: college/university 4 years or 
more. 
CI: confidence interval. E%, proportion of total energy intake. RAE, Retinol Activity Equivalents.  
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Table 6: Logistic regression analysis of odds of being compliant with the Nordic Nutrition 
Recommendations. The Tromsø Study 2015-2016. 
  Women (n=6043) Men (n=5259) 




1 Reference (1.0) 
2 0.7** (0.6, 0.9) 0.9 (0.8, 0.1) 
3 0.6** (0.5, 0.8) 0.8** (0.6, 0.8) 
4 0.6** (0.5, 0.8) 0.7* (0.6, 0.9) 
p linear trend <0.001 <0.001 
Fiber  
(³25 g/day for women/ 
³35 g/day for men)) 
Education levela 
1 Reference (1.0) 
2 1.2* (1.0, 1.4) 1.0 (0.8, 1.3) 
3 1.3* (1.08, 1.5) 1.1 (0.9,1.4) 
4 1.5** (1.3, 1.8) 1.4** (1.2, 1.8) 




1 Reference (1.0) 
2 1.1 (.8, 1.5) 1.3* (1.0, 1.6) 
3 1.3 (.9, 1.8) 2.0** (1.5, 2.6) 
4 1.8** (1.3, 2.4) 2.2** (1.6, 2.8) 




1 Reference (1.0) 
2 1.0 (.8, 1.2) 1.0 (.8, 1.3) 
3 1.2 (1.0, 1.5) 1.2 (.9, 1.5) 
4 1.3** (1.1, 1.7) 1.6** (1.2, 2.0) 
p linear trend 0.001 <0.001 
Total fat  
(25-40 E%) 
Education levela 
1 Reference (1.0) 
2 0.8* (0.6, 1.0) 1.1 (0.9, 1.3) 
3 0.6** (0.5, 0.8) 1.1 (0.8, 1.4) 
4 0.7** (0.5, 0.8) 1.0 (0.8, 1.3) 
p linear trend <0.001 0.8 
Saturated fat  
(<10 E%) 
Education levela 
1 Reference (1.0) 
2 1.0 (0.8, 1.2) 1.0 (0.8, 1.2) 
3 0.9 (0.7, 1.2) 1.0 (0.8, 1.3) 
4 0.8 (0.7, 1.0) 1.2* (1.0, 1.6) 
p linear trend 0.09 0.02 
Monounsaturated fat  
(10-20 E%) 
Education levela 
1 Reference (1.0) 
2 1.2 (1.0, 1.5) 1.3* (1.1, 1.7) 
3 1.1 (0.7, 1.3) 1.3* (1.0, 1.7) 
4 1.2 (1.0, 1.5) 1.1 (0.9, 1.4) 
p linear trend 0.2 0.4 
Polyunsaturated fat  
(5-10 E%) 
Education levela 
1 Reference (1.0) 
2 1.1 (0.9, 1.3) 1.3* (1.1, 1.5) 
3 1.0 (0.8, 1.2) 1.5** (1.2, 1.8) 
4 0.9 (0.8, 1.1) 1.0 (0.9, 1.3) 




1 Reference (1.0) 
2 1.1 (0.1, 8.2) 2.4 (0.2, 26.4) 
3 0.6 (0.08, 5.0) 1.9*106 (0.0, -) 
4 0.5 (0.08, 3.2) 0.3 (0.05, 1.6) 
p linear trend 0.3 0.1 
Omega-3 and omega-6  
(³3 E%, and ³0.5 E% 
omega-3) 
Education levela 
1 Reference (1.0) 
2 2.0 (0.5, 7.7) 1.6 (0.6, 3.9) 
3 3.2 (0.6, 17.1) 1.1 (0.4, 2.9) 
4 1.6 (0.5, 5.3) 0.8 (0.3, 1.8) 
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Table 6 cont. Logistic regression analysis of odds of being compliant with the Nordic Nutrition 
Recommendations. The Tromsø Study 2015-2016. 
   Women (n=6043) Men (n=5259) 




1 Reference (1.0) 
2 0.6** (0.5, 0.7) 0.8* (0.6, 0.9) 
3 0.4** (0.3, 0.5) 0.5** (0.4, .06) 
4 0.3** (0.3, 0.4) 0.4** (0.3, 0.5) 
p linear trend <0.001 <0.001 
Vitamin A  
(RAE/day) 
Education levela 
1 Reference (1.0) 
2 1.4* (1.1, 1.8) 
1.3* (1.0, 1.7) 
1.7** (1.3, 2.1) 
<0.001 
1.1 (0.9, 1.3) 
1.0 (0.8, 1.3) 




p linear trend  
Vitamin D  
(µg/day) 
Education levela 
1 Reference (1.0) 
2 1.2* (1.0, 1.4) 1.1 (1.0, 1.3) 
3 1.3* (1.0, 1.5) 1.2 (1.0, 1.4) 
4 1.3* (1.1, 1.5) 1.3** (1.1, 1.6) 
p linear trend 0.01 <0.001 
Vitamin C  
(mg/day) 
Education levela 
1 Reference (1.0) 
2 1.4* (1.1, 1.7) 1.4** (1.2, 1.7) 
3 1.7** (1.3, 2.2) 2.0** (1.6, 2.4) 
4 2.7** (2.1, 3.5) 2.8** (2.2, 3.5) 




1 Reference (1.0) 
2 1.5** (1.2, 1.7) 1.2* (1.0, 1.5) 
3 1.6** (1.3, 1.9) 1.5** (1.2, 1.7) 
4 1.8** (1.5, 2.1) 1.8**(1.5, 2.1) 




1 Reference (1.0) 
2 1.2* (1.0, 1.5) 1.1 (0.9, 1.3) 
3 1.3* (1.0, 1.5) 1.0 (0.8, 1.2) 
4 1.5** (1.2, 1.7) 1.0 (0.9, 1.3) 




1 Reference (1.0) 
2 1.4** (1.2, 1.7) 1.5** (1.2, 1.8) 
3 1.8** (1.5, 2.2) 1.9** (1.6, 2.3) 
4 1.8** (1.5, 2.1) 2.2** (1.8, 2.7) 




1 Reference (1.0) 
2 1.1 (0.8, 1.4) 1.1 (0.7, 1.5) 
3 1.2 (0.8, 1.6) 1.2 (0.8, 1.8) 
4 1.1 (0.9, 1.5) 1.1 (0.7, 1.6) 
p linear trend 0.3 0.8 
Adjusted for age-groups (40-49 years (reference)/50-59 years/60-69 years/70-79 years/80+ years), BMI-groups 
(normal (reference)/overweight/obese), physical activity level (sedentary (reference)/light/moderate/vigorous) and 
level and smoking status (never smoker (reference)/current smoker/previous smoker) 
* p <0.05. ** p <0.001. ‡ Retinol activity equivalents. CI: confidence interval 
a 1 - Primary education (up to 10 years), 2 - Upper secondary education (minimum 3 years), 3 - Tertiary 
education, short: college/university less than 4 years, 4 - Tertiary education, long: college/university 4 years or 
more.  
CI: confidence interval. E%, proportion of total energy intake. RAE, Retinol Activity Equivalents. 
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3.4 Characteristics of those included in the final sample vs. 
those not included 
Compared to the attenders of Tromsø 7 that were not included in this study, those included in 
the final sample had lower BMI (p<0.001), higher education level (p<0.001), and there was a 
higher proportion of women (p<0.05), and a lower proportion of current smokers (p<0.001) 
and participants reporting sedentary leisure-time physical activity level, (Table 7). 
Table 7: Characteristics of participants included in the final study sample. The Tromsø Study 
2015-2016 
 Attended Tromsø 7 (N=21083)  
 Included in final sample (n=11302) Excluded (n=9781)  
 n Mean (SD) or  
proportion (%) 



















Age (years) 11302 57.4 (10.8) 9781 57.3 (12.1) 0.5 
Age-groups 
- 40-49 years 
- 50-59 years 
- 60-69 years 
- 70-79 years 

















































- Primary  
- Upper secondary  
- Tertiary, short (<4 years) 

















































- Never smokers 
- Previous smokers 


















a Normal (BMI < 25.0), overweight (BMI 25.0-29.9), obese (BMI ≥ 30) 
b Primary education (up to 10 years), Upper secondary education (minimum 3 years), Tertiary education, short: 
college/university less than 4 years, Tertiary education, long: college/university 4 years or more. 
c Exercise and physical activity in leisure time over the last year. Sedentary: reading, watching TV/screen or other 
sedentary activity, Light: walking, cycling or other forms of exercise at least 4 hours a week, Moderate: 
participation in recreational sports, heavy gardening, snow shoveling etc. at least 4 hours a week, Vigorous: 
participation in hard training or sports competitions, regularly several times a week 
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4 Discussion 
4.1 The educational gradient in intake of energy, macro- and 
micronutrients 
There were educational gradients in the intake of several nutrients, and in characteristics 
associated with lifestyle. In most cases, higher education was associated with what is 
considered healthier, but for alcohol the gradient was in favor of the participants with primary 
education. Compared to participants with primary education, those with long tertiary 
education had higher odds of being compliant with seven out of eighteen recommendations 
presented in this study. 
4.1.1 Energy intake 
This study revealed a positive association between education level and energy intake in 
women, but not in men. The differences were however small, and the clinical relevance is 
discussed in detail later. This is in line with results from national dietary surveys in Norway 
(NORKOST 3 2010-2011) (29), Sweden (Riksmaten 2010-2011) (42) and Finland (FINDIET 
2007) (59). A systematic review by Giskes et al. (2009) (19) found a similar positive 
association in women in three out of ten included studies. However, they found a negative 
association between education and energy intake in women in one of ten studies, and no 
association in six of ten studies (19). In accordance with our findings, Giskes et al. (19) found 
no association between education and energy intake in men in two out of nine studies, but a 
positive association in five and a negative association in two out of nine studies (19). 
It is well documented that excessive energy intake is associated with weight gain and further 
associated with several cardiovascular and metabolic risk factors (39). An individual´s energy 
requirement depends on among others sex, age, body size and physical activity level (39). In 
the present study, these are all treated as confounders and are adjusted for in the analysis – 
thus, the positive association between education and energy intake in women cannot be 
explained by the major determinants of energy requirement. One possible explanation for the 
educational gradient in energy intake in women is that underreporting could occur more 
frequently among participants with lower education (60). I did however, in accordance with 
previous studies (22, 44, 61-63), exclude participants with incomplete FFQs. Furthermore, I 
checked if the remaining women and men in the different educational levels completed 
different proportions of the FFQ (results not included in tables). All participants, independent 
of educational level, answered approximately 94 % of the FFQ, and it is therefore unlikely 
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that this is the explanation for the educational gradient in energy intake in women. Other 
possible explanations include additional confounders not included in this study, or that higher 
educated women actually have a higher energy intake due to higher total intake of food and 
drinks or higher intake of energy-dense food.  
4.1.2 Intake of macronutrients 
4.1.2.1 Carbohydrates 
There was a negative association between education level and intake of carbohydrates and 
sugar and a positive association with fiber intake in both women and men. Compared to 
participants with primary education, those from all other education levels had lower odds of 
being compliant with the recommendations for carbohydrates, and higher odds of being 
compliant with recommendations for sugar and fiber. Riksmaten 2010-2011 found similar 
associations for carbohydrate intake in women (22, 29, 42). FINDIET 2007 did however find 
an opposite association for carbohydrate intake in men (21). NORKOST 3 found similar 
associations for fiber in intake in both women and men and for sugar intake in women (29). A 
study from the fourth survey of the Tromsø Study by Jacobsen et al. (2000) found similar 
associations for fiber intake in both women and men (22).  
In the Nordic diet, main sources of carbohydrates are cereals and potatoes, main sources of 
added sugar are sweets, soft drinks, bakery products and sweetened dairy products, and main 
sources of dietary fiber are wholegrain cereals, vegetables, fruits and berries (39). There are 
persistent evidence regarding beneficial effects of the intake of vegetables, fruits and berries, 
fiber and wholegrains, and persistent evidence regarding the potential harmful effects of 
intake of added sugar and energy-dense foods on several NCD-related outcomes (18). Thus, 
intake of fiber can be considered healthy and intake of added sugar can be considered 
unhealthy. Because added sugar and fiber are components of the total carbohydrate intake, 
one could argue that the total carbohydrate intake is not that important in terms of a “healthy” 
or “unhealthy” diet, as long the intake of fiber and sugar are within the recommendations. The 
findings regarding added sugar and fiber in this study support the hypothesis that individuals 
with higher education have a healthier diet.  
4.1.2.2 Proteins 
No educational gradient was found for intake of protein in this study. Only a weak, negative 
association for men in the highest education level was significant. Similar, no educational 
gradient was found for women and men in NORKOST 3, for men in Riksmaten 2010-2011 
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and FINDIET 2012 and for women in FINDIET 2007 (21, 29, 42, 43). FINDIET 2007 did 
however find a positive gradient in men, and FINDIET 2012 found a negative gradient in 
women (43, 59). Men and women with long tertiary education had higher odds of being 
compliant with the recommendation for proteins, compared to those with primary education.  
The present study used the NNR recommendation for adults of 10-20 E% of proteins for all 
participants included, although there exists age-specific recommendations (15-20 E%) for 
individuals 65 years or older (39). Among participants ≥ 65 years, 10 % women and 15% men 
had a protein intake below lowest recommended intake for this age group (results not 
included in tables). However, both mean and median intake in both women and men ≥ 65 
years were within recommended range for this group.  
4.1.2.3 Fat 
There was a weak, positive gradient for total fat and MUFAs in women, and a weak, negative 
gradient for SFAs in men. Women with higher education levels had lower odds of being 
compliant with the recommendation for total fat, compared to women with primary education. 
Similar results for total fat in women were found in Riksmaten 2010-2011 (42), and similar 
results for SFAs in men were found in FINDIET 2007 and in the study by Jacobsen et al. 
from Tromsø 4 (22, 59). However, NORKOST 3 found no significant differences in intake of 
fats across educational levels (29). FINDIET 2007 found a negative gradient in total fat also 
for men, a negative gradient for MUFAs in men and a positive gradient for PUFAs in women 
(59). FINDIET 2012 found a positive gradient for total fat in men, a negative gradient for 
SFAs in women and a positive gradient for MUFAs and PUFAs in men (43). The study by 
Jacobsen et al. from Tromsø 4 found a negative educational gradient for total fat, SFAs and 
PUFAs in both women and men (22). 
If the hypothesis is that individuals with higher educational level have a healthier diet, one 
would expect to find a negative educational gradient for SFAs and a positive gradient for 
MUFAs and PUFAs. In the present study, a negative educational gradient for SFAs was 
found only in men, a positive gradient for MUFAs was found only in women, and no gradient 
was found for PUFAs. Thus, not all expected gradients were found, and the gradients found 
were weaker than expected. This may have several possible explanations. The introduction of 
the low-carbohydrate-high-fat (LCHF) diet in the early 2000s is one plausible explanation. A 
study from Northern Sweden found that fat intake, especially the intake of SFAs, in both 
women and men increased sharply after 2004, at the same time as the LCHF diet got massive 
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positive media support (64). It is likely that the same increase in fat intake happened in 
Norway. Additionally, it is plausible that those with higher SES are among the first to adopt 
such new dietary trends, as cultural sociology states that those with higher SES often tend to 
adopt cultural changes first (65). Thus, the LCHF diet might explain why a negative gradient 
in SFAs was not found in women, and why the negative gradient found in men was not 
stronger. Another factor that might influence the educational gradient in fat is the use of cod-
liver oil or omega-3 supplements. Cod-liver oil is an important source of vitamin D, PUFAs 
and omega-3, and is used by approximately 35 % of the Norwegian population (66). A study 
among Norwegian women found that the use of cod-liver oil was associated with higher 
education (66). If this was the case in the present study, one would expect to find a positive 
educational gradient in PUFAs and omega-3, but this was not found. The dataset used in the 
present study did not include information on what types of dietary supplements that were 
used, and by who. It is however plausible that an educational gradient in the use of cod-liver 
oil explains part of the educational gradient found in fat. Fatty foods like cake, cheese, 
spreads, milk and snacks are among the food items that are most likely to be underreported 
(60). At the same time, women and individuals with lower education are most likely to 
underreport (60). Hence, there is a possibility that the expected educational gradients in fats 
were absent because of underreporting. Additionally, it is likely that social desirability, i.e. 
“the tendency of some respondents to report an answer in a way they deem to be more 
socially acceptable than would be their "true" answer”, results in underreporting of fatty 
foods (67). 
4.1.3 Alcohol 
A strong, positive educational gradient was observed for alcohol intake in both women and 
men. Women and men with long tertiary education were 70 and 60 %, respectively, less likely 
to be below the recommended upper limit for alcohol intake, as compared to those with 
primary education. Similar results were found in men in NORKOST 3, in both women and 
men in Tromsø 4, in Riksmaten 2010-2011 and in women in FINDIET 2007 and FINDIET 
2012 (22, 29, 42, 43, 59). 
The educational gradient in alcohol consumption may to some extent be explained by 
economic theory – namely that the consumption of unnecessary goods increases with 
increased purchasing power (68). This explanation implies the assumption that individuals 
with higher education also have more wealth and hence – have more purchasing power. Thus, 
they have a higher consumption of unnecessary goods like alcohol. Additionally, social 
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integration, in terms of how often you spend time with family and friends, is suggested as an 
important explanation of the educational gradient in alcohol consumption (69). It is also likely 
that underreporting have caused an underestimation of the educational gradient. Self-reported 
alcohol intake may be influenced by drinking pattern and social desirability. For instance, 
binge drinking may cause an incorrect reporting because one does not remember, or do not 
wish to report, the actual number of units consumed. A continental drinking pattern with one 
glass of wine per day is on the other hand probably easier to report accurately. Stigma and 
social desirability is also likely to cause underreporting among those with a high alcohol 
intake. If it is the case that persons with lower education tend to binge drink more, and hence 
underreport their alcohol intake, the educational gradient found in this study might have been 
overestimated.  
It is worth to mention that the present study only has investigated the overall alcohol 
consumption - not the drinking pattern. Studies have suggested that the harmful effects of 
alcohol are lower among those with higher SES, despite a higher consumption (69). This 
implies a more harmful drinking pattern among those with lower SES, for example by binge 
drinking (69). 
4.1.4 Intake of micronutrients 
Clear, positive educational gradients were found in both women and men for the intake of 
folate, vitamin C and iron. Similar gradients for folate were found in both women and men in 
NORKOST 3 and in FINDIET 2007, and for women in Riksmaten 2010-2011 and FINDIET 
2012 (29, 42, 43, 59). Similar gradients for iron were found in both women and men in 
Riksmaten 2010-2011, for women in NORKOST 3 and FINDIET 2012 and for men in 
FINDIET 2007. Similar gradients for vitamin C were found for both women and men in 
NORKOST 3, the study from Tromsø 4 and in FINDIET 2007 and 2012 (22, 29, 43, 59). 
Folate and iron were the only two micronutrients presented by education level in the national 
dietary survey from Sweden, thus results for vitamin C and other micronutrients cannot be 
compared (42). A positive educational gradient in the intake of folate, vitamin C and iron is 
somewhat expected if the hypothesis is that individuals with higher education are healthier. 
Main sources to vitamin C in the Nordic diet are fruits, berries and vegetables, main sources 
to folate are cereal products, fruits, berries, vegetables and dairy products, and main sources 
to iron are cereal products and meats (70). These food groups are all basic parts of the Nordic 
diet, are included in the Norwegian food-based dietary guidelines and are considered healthy 
(18). 
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A negative gradient was found for iodine. Iodine intake was not presented in NORKOST 3, 
but Carlsen et al. (71) estimated the iodine intake from NORKOST 3 in a study from 2018. 
They did not present the iodine intake by education level, but they did estimate that 33 % of 
women and 19 % of men had an intake below recommended intake (71). Other Norwegian 
reports based on iodine-rich foods indicates a sub-optimal intake in the population (72). 
FINDIET 2007 and 2012 found no educational gradients in iodine intake (43, 59). Milk and 
dairy products, fish, eggs and iodized salt are the main dietary sources to iodine in the Nordic 
diet (72). The negative gradient found in iodine intake implies a lower consumption of such 
foods among those with higher education level. From 2008 to 2018, the consumption of milk 
and fish has decreased, and the consumption of eggs, yoghurt, cheese and butter has increased 
in the Norwegian population (47). A general decrease in consumption of some iodine-rich 
foods may explain a general sub-optimal intake of iodine in the population. However, the 
only educational gradients found in iodine-rich foods in NORKOST 3 were a negative 
educational gradient in the consumption of extra light milk and a positive gradient for 
skimmed milk in men (29). No educational gradient was found for the overall consumption of 
fish, eggs, milk and yoghurt or cheese (29). It is however possible that a lower consumption 
of milk, dairy products and fish among those with higher education level is the explanation 
for the negative gradient found in this study. 
A weak, although significant positive gradient was found in men for the intake of vitamin A, 
vitamin D and beta-carotene. A weak, but significant negative gradient was found for beta-
carotene in women. This does not correspond to findings from the national dietary surveys in 
Norway or Finland (29, 43, 59). In contrast to findings in the present study, Jacobsen et al. 
(22) found a positive educational gradient in the intake of beta-carotene in both women and 
men in Tromsø 4. 
The micronutrient intake by education level presented in NORKOST 3 (29), FINDIET 2007 
(59) and Riksmaten 2010-2011 (42), is from food sources solely. In contrast, the 
micronutrient intake presented in the present project is from food sources and dietary 
supplements.  The educational gradient in the use of dietary supplements has yet not been 
explored in Tromsø 7, but such a gradient could partly explain the educational gradients 
observed in some micronutrients. Confounders not taken account for, participation bias or 
misclassification are among other plausible explanations.  
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4.2 Possible explanations for the educational gradient 
A Norwegian report from 2008 suggested possible explanations for the educational gradient 
in health in Norway (73). Among the mechanisms mentioned were lifestyle, occupation, 
income, life course stability, skills on solving problems and locus of control (73). The report 
concluded that education is the basis for, and a contributor to, multiple processes that 
influence health – and that each mechanism is complex and cannot be viewed isolated (73). In 
the following, some of the most important mechanisms in the educational gradient in diet will 
be discussed. 
4.2.1 Health literacy and emphasis on a healthy lifestyle 
There are persistent educational gradients in physical activity, smoking and diet in Norway 
(27). Hence, individuals with higher education have a healthier lifestyle. A plausible 
mechanism is that individuals with higher education have more knowledge about – and/or 
have more emphasis on – a healthy lifestyle. This implies the assumption that individuals with 
higher education are better equipped to make healthy choices and live healthy lives because 
they have higher health literacy. There are currently no national studies mapping the health 
literacy of the Norwegian population, but a study conducted in eight EU-countries found that 
there was a higher proportion of individuals with limited health literacy among those with 
lower education, compared to those with higher education (74). Regarding diet, studies have 
found an educational gradient in nutritional knowledge and further a positive association with 
diet quality (75, 76). A Finnish study found that participants with lower education level had 
higher priority on price and familiarity, lower priority to health motives, and that higher 
income was associated with a greater relative importance of health considerations (77). The 
present study found an educational gradient in favor of a healthier diet for participants with 
higher education for most of the significant results. Thus, this study supports the theory that 
individuals with higher education might have higher health literacy - and/or more emphasis 
on - a healthy lifestyle. 
4.2.2 Life course stability 
Another theory in the explanation of the educational gradient in health is that individuals with 
higher education have more stability in their life course, and that this contributes to better 
health (73). Literature suggests that individuals with higher education have better living 
conditions in general, have more stable employments, safer working environments and less 
accidents, divorces and unemployment – and that these are factors that are closely related to 
health in adulthood (73). Numbers from Statistics Norway in 2017 supports this (78). It is 
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plausible that the same factors also facilitates making healthy choices, including a healthy 
diet. 
4.2.3 Economy 
In Norway, the median income per month among those with primary and long tertiary 
education is 38 380 and 56 750 NOK, respectively (79). Thus, there is a significant 
educational gradient in income. It is therefore plausible that economy is an important 
mechanism in the educational gradient in diet. 
Is it the case that healthy foods are more expensive than unhealthier foods? A Swedish study 
found that it was more expensive to comply with nutrition recommendations than to not 
comply, and hence that to not comply with nutrition recommendations offered an opportunity 
to lower the diet cost (80). The costs of a diet in line with the recommendations had however 
not increased more than the general food prices (the consumer price index) between 1980 and 
2012 (80). For some nutrients however, for example for iron and vitamin D, the costs had 
increased faster than the general food prices (80). It is plausible that the situation is the same 
in Norway. However, in Norway foods like chocolate, confectionary and alcohol-free 
beverage have an excise tax (81). This is mainly a fiscal measure but has also a health-
promoting feature by contributing to a reduction in selected unhealthy foods. The 
consumption of chocolate and confectionary has decreased in the population during the last 
decade, and the excise tax can be a contributor to this development (47). Though, the price 
per kg is in many cases higher for healthier alternatives as compared to unhealthier 
alternatives of similar foods. For example, bread of wholegrains is more expensive than 
refined bread, boiled ham is more expensive than salami and unprocessed meat like chicken 
fillet is more expensive than processed meat like minced meat (82). Thus, the theory that 
healthy foods are more expensive, and that individuals with higher education (and higher 
income) therefore have a healthier diet, is supported by the findings in the present study. 
An economic theory states that with increased purchasing power comes increased consume of 
necessary and unnecessary/luxury goods (68). Luxury goods are in health economics defined 
as goods whose demand increases relatively more than the income increases (68). If we 
assume that individuals with higher education also have more wealth, the economic theory 
can be a part of the explanation of the educational gradient in among others alcohol 
consumption. This theory would however also imply a higher consumption of goods like 
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chocolate and sweets in the higher educated group, but this is not reflected in the gradient 
found for sugar and SFAs in this study.  
4.3 Strengths and limitations 
The design and analyses used in this study allowed me to investigate the educational gradient 
in diet with adjustments for potential confounders and by investigating two important aspects 
of the diet: the absolute intake of nutrients and the compliance with NNR 2012. The study had 
a large number of participants that were similar to the general Norwegian population. 
4.3.1 Education as indicator for SES 
The main grouping variables of interest were education level and sex. In this study, data on 
education level was self-reported, and with self-reported data comes a risk of differential or 
random misclassifications. Thus, as with all other self-reported data, it is a limitation and the 
internal validity could potentially be strengthened by using validated education level. 
Education level was chosen as the indicator for SES in this thesis. It is possible that another 
indicator, or a combination of indicators, would have given other results. Education level is 
however an indicator frequently used for SES in the literature, among others in the Norwegian 
Public Health Report (27). A Norwegian report on education and inequalities in health 
concluded that education as SES-indicator is practical, the information is easy to attain and it 
serves as an appropriate indicator in order to rank individuals in the socioeconomic hierarchy 
(73). They did, however, also conclude that education is not always the best indicator for all 
types of health outcomes, as different indicators reveal different associations with outcomes 
(73). Some literature exists also regarding which SES-indicator is best in studies of diet. A 
French study with 91 900 participants investigated the independent effect of the SES-
indicators education, income and occupation on nutrient intake (83). Main findings were that 
the different indicators were associated with specific differences in nutrient intake, suggesting 
that they underpin different social processes. For instance, the participants with lower 
education had higher intake of protein and cholesterol, and lower intake of fiber, vitamin C 
and beta-carotene (83). Participants with lower income did on the other hand have higher 
intake of complex carbohydrates and a lower intake of magnesium, folate and vitamin C (83). 
Furthermore, participants with occupations with lower SES had a lower intake of vitamin D 
and alcohol (83). Thus, each indicator was associated with different nutrient intakes. The 
authors concluded that education seemed to be an important driver of nutrient intake in the 
lower SES-groups (83). Another similar study found that each of the indicators education, 
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income and occupation had a unique contribution to the understanding of SES and diet (12). 
Thus, using only education level as SES-indicator in the present study is a potential weakness. 
4.3.2 Methods for assessing dietary data 
Several methods exist for assessing dietary data on individual- and population level. Some of 
the most frequently used methods on individual level include dietary records, 24-hour dietary 
recall and FFQs (84). On the population level, food supply statistics and consumer surveys 
are commonly used (84).  
Individual level-methods demand more resources to conduct than population level-methods 
but provides more detailed and accurate data on the diet of individuals. The method called 24-
hour dietary recall is among other used in the Norwegian national survey NORKOST 3 (29), 
and is based on interviews about individual´s dietary intake the last 24 hours. A 24-hour 
dietary recall is a relatively low burden for the participants but does however require an 
accurate memory. Additionally, it does not map the general diet, but rather the diet during the 
last 24 hours. Another method is FFQs. FFQs is an individual level-method that is a relatively 
low burden for the researchers but a high burden for the participants. For the participants, the 
completion of the FFQ can be time-consuming, it demands full concentration and an accurate 
memory, and hence, can be challenging to complete for participants with e.g. cognitive 
challenges. In an FFQ, the participant fills out a questionnaire with questions about their 
habitual frequency and amount of intake of selected food groups, food items and drinks 
during a specific time period – for example the last month or year (84). For researchers, FFQs 
are a method well suited for large dietary surveys because they are easy to administer and 
process on a large scale. A limitation with some FFQs is that they include questions on 
selected food groups and/or items, and thus can never attain a picture of the entire diet 
because some foods are not included in the questionnaire. FFQs can however be 
comprehensive, and the amount of questions, food groups and items covered will determine 
the FFQs ability to map the actual diet of the individual. The National Cancer Institute 
suggests that questions regarding 80-120 food items are needed in order for an FFQ to be able 
to assess the total diet (48). Other limitations with FFQs include risk of misclassification, 
underreporting and social desirability bias. This will be discussed further in the following 
section. 
The method for assessing diet used in the present study has several strengths. Firstly, the FFQ 
used was comprehensive and validated for several dietary factors (52, 53, 85). Secondly, the 
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FFQ mapped the average diet during the previous year, and not only during the previous day 
or week. Thirdly, by only including participants who completed 90 % or more of the FFQ, I 
ensured that intentionally unfilled questionnaires were excluded. Thus, the method for 
assessing diet has qualities that increases the probability that the present study actually has 
investigated the intake of energy, macro- and micronutrients. However, when using an FFQ 
there is always a risk of information bias, especially differential misclassification. As the FFQ 
is self-reported, it is unlikely that the participants did remember their diet over the past year 
with 100 % accuracy. Inaccurate memory could therefore result in an incorrect mapping of 
the diet. I can nor exclude the possibility that some food items are over- or underreported. 
Social desirability bias is likely to cause underreporting of unhealthy foods and overreporting 
of healthy foods. Studies have shown that underreporting of unhealthy foods occur more 
frequently among women, those with higher BMI, smokers and those with lower education 
(60). If it is the case in the present study that women have underreported more than men, and 
that participants with lower education have underreported more than those with higher 
education – this could result in underestimation of some foods, leading to erroneous 
calculated levels of nutrients in these groups. This could further lead to a biased educational 
gradient, especially among women.   
The FFQ used in this study included questions on use of supplements, and the results on 
micronutrient intake presented here are with supplements included. Hence, the FFQ mapped 
the total intake of micronutrients. However, this study gives no information regarding 
whether the observed educational gradient in some micronutrients are because of a higher 
dietary intake and/or because of supplement-use in different levels of education.  
4.3.3 Confounders validity 
Age, BMI, physical activity and smoking status were confounders adjusted for in the analysis. 
I assess age and BMI as valid because these variables are objectively measured, and not self-
reported. The validity can however be discussed for physical activity and smoking status, that 
were self-reported. Physical activity was in The Tromsø Study reported on a four-level scale 
based on the Saltin and Grimby questionnaire (55). The Saltin and Grimby questionnaire has 
been found to be reproduceable and has in validation studies shown good agreement against 
among others maximal oxygen uptake, the accelerometer ActiReg and the double water 
method (55). However, there is a risk of differential or random misclassification and social 
desirability bias. This is also the case for smoking status. Thus, it is plausible that participants, 
by accident or by purpose, have reported their physical activity level and smoking status 
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incorrectly. Social desirability bias might potentially motivate participants with low physical 
activity level to overreport their level and motivate current or previous smokers to report that 
they are previous or never smokers, because being sedentary or smoker might be associated 
with stigma. If such a social desirability bias has caused a differential misclassification of the 
confounders, the validity of the confounders are questionable and thus the results in this study 
might be incorrectly adjusted. An objective measurement of physical activity level, for 
instance by accelerometers, could potentially improve the validity of the confounder. 
However, accelerometer-data is available for 6300 participants in Tromsø 7 and a recent study 
validated self-reported physical-activity level on the Saltin and Grimby questionnaire against 
accelerometers (86). The authors found that ranking of physical activity level on the Saltin 
and Grimby questionnaire had high validity (86).   
4.4 Generalizability and implications 
4.4.1 External validity 
This study had a population-based design, a large number of participants and a high response. 
It included participants from both urban and rural areas and the population is similar to the 
general Norwegian population in regards to the distribution of sex, age and educational 
attainment (24, 49). However, as the Tromsø Study is a population-based study where 
participation is optional, selection bias is a risk. Thus, it is possible that the participants may 
not represent all groups in the population. Previous studies from Norwegian health surveys 
have shown that participants in health surveys more often tend to be female, married, have 
better health and higher education than the non-responders (87-89). It is plausible that this is 
the situation in this study sample as well. Hence, there might be an overrepresentation of high 
education in this study. Furthermore, results from the analysis of the responders versus the 
non-responders of the FFQ in Tromsø 7 found an overrepresentation of women, participants 
aged 60-69 years, participants with normal BMI, tertiary education (short and long) and 
moderate physical activity among the responders. However, this study had more than 1000 
participants in each education level in both women and men, despite a possible 
overrepresentation of high education. Thus, the number of participants within each strata was 
still high and assumed sufficient to give statistical power. However, 35 % of the invited 
population did not participate in the Tromsø Study 2015-2016. It is a possibility that the 
participants with lower education are different from the general population with lower 
education and thus, they may not be representative. Such differences were, however, not 
possible to explore further in this study. Additionally, it is a possibility that the inclusion 
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criteria of only including participants who answered 90 % or more of the FFQ have caused a 
selection bias. There was a higher proportion of individuals with primary and secondary 
education, and a lower proportion of individuals with tertiary education among those 
excluded, as compared to the included participants. Thus, there might be a positive 
educational gradient in the overall completeness of the FFQ. 
4.4.2 Clinical relevance 
This study had a high number of participants, thus had strong statistical power. As a result of 
this, many of the analyses gave statistically significant results, although not all statistically 
significant results are clinically relevant. All results needs to be interpreted with caution and 
in perspective. The increased energy intake found in women with long tertiary education 
compared to those with primary education represents one apple or two squares of milk 
chocolate per day. This may seem small and irrelevant, but accumulated over a year such an 
excess energy intake may result in a weight gain of approximately 3 kg per year (39). Also, 
one extra apple gives extra fiber, beta-carotene and vitamin C, while two extra squares of 
milk chocolate gives extra saturated fat and sugar. Thus, the type of foods the energy comes 
from is of great importance. The difference found in fiber intake between the highest and the 
lowest educated men represents three tablespoons of oatmeal, and the difference in vitamin C 
intake in women represents 1/4 of an orange. These are also differences that might seem small 
and irrelevant on daily, monthly or even yearly basis. However, throughout a lifespan such 
differences might represent important dietary consequences. 
Other results are more obviously both significant and clinically relevant. The sugar intake in 
those with long tertiary education is one E% lower than in those with primary education. The 
recommended upper limit for sugar is 10 E% and the intake in all educational groups are 
below this (39). However, there is a convincing association between sugar intake and caries, a 
plausible association between energy-dense foods and sugary drinks and weight gain/obesity 
and a possible association between foods with added sugar and colorectal cancer (18). Thus, a 
difference in intake of one percentage point of total energy may impact the health risks 
associated with sugar intake. The alcohol intake among women with long tertiary education is 
50 % higher than the intake in women with primary education. There is evidence of a dose-
response relationship between alcohol intake and the risk of atrial fibrillation and cancer (39).  
In addition, even moderate alcohol consumption may replace part of the food intake, 
especially the intake of dairy products, fruits and vegetables (39). Hence, alcohol intake may 
impair the quality of the diet. A difference of 50 % in alcohol intake is therefore both 
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significant and clinically relevant. The intake of folate is 13 % higher in the highest educated 
men compared to the lowest. Evidence suggests that the recommended folate intake (>300 
µg/day) protects against poor cognitive function and colorectal cancer and that there is an 
inverse association with cardiovascular disease outcomes (39). 
4.4.3 Implications 
This study revealed educational gradients in the intake of energy, macro- and micronutrients, 
and in most cases the gradient was in favor of “healthier” for the persons with higher 
education. The dataset did however not offer any variables that could explain why such a 
gradient was present. Based on this thesis, several new questions emerge: Have the same 
gradients been persistent over time? Would the same gradients have been found if income, 
occupation, marital status, childhood conditions etc. were used as SES-indicators? Would the 
corresponding gradients have been found in the intake of food items and -groups? Is there an 
educational gradient in the use of dietary supplements? Undoubtedly, the relationship between 
SES and health is an interesting topic and further research is needed in order to answer all the 
questions and to understand the relationship completely.  
The gradients found in this study implies a need to increase the health literacy of the 
population. Health- and dietary information, for instance the nutrient recommendations and 
food-based dietary guidelines, needs to be distributed in an even larger scale to the general 
population, and the information needs to be communicated in a way that is understandable, 
applicable and feasible for the lay man. Health communication should be emphasized in the 
education of health-related roles such as nurses, medical doctors and public health workers. 
Extra measures should be taken in order to reach all members of the community with high-
quality information, especially vulnerable people (e.g. low educated). Pricing mechanisms, 
through lower price on healthy foods like vegetables, fruits, berries and fish, and higher price 
on foods rich on sugar and saturated fat, would undoubtedly also be efficient.  
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5 Conclusion 
This study found an educational gradient in several of the nutrients investigated. A positive 
educational gradient was found for fiber, alcohol, vitamin C, folate and iron, and a negative 
educational gradient was found for carbohydrates, added sugar and iodine in both women and 
men. In addition, a positive gradient was found for energy, total fat, MUFAs and vitamin D in 
women, and a negative gradient was found for SFAs in men. Compared to participants with 
primary education, those with long tertiary education had higher odds of being compliant with 
seven out of eighteen recommendations presented in this study. 
Several new research questions have emerged, based on this thesis. Important questions that 
need to be answered in order to understand the association between SES and diet include 
among others; which SES-indicator is most appropriate to use? How has the gradient behaved 
over time? And, which gradients would have been found for food groups? 
Measures should be taken in order to improve the health literacy of all subgroups of the 
population. Individuals from all groups, independent of SES, should have the same 
opportunities to attain information about health and diet, and to make healthy choices. Social 
inequalities in health and diet are avoidable, and measures should, to any extent, be taken in 
order to reduce them.  
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